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GENERAL DYNAMICS/ASTRONAUTICS

SECTION 1

INTRODUCTION

VoSt o NutIal O o v

Missile lF and Sycamcre Static Teat Stand S-1 were destroyed by fire and a 5
series of explosions that criginated in the thrust section during Test, ’ !
-$1-613-14~01..on.13 May_1662!{ The schsduled engine firing durations were 40
seconds boosters, 60 seconds gustainer, and 65 seconds verniers. Actual
durations were 1.77 seconds beoster Noo. 1, 5.4 seconds boocster No. 2, 1.23
seconds sustainer, and zero sazzcnds for the wveznier engines.

The incident was investigatediﬁj an“Accident Investigation Board composed of
members from the USAF, General Dynamiés[Astronautics, Rocketdyne, Space :
Technology Laboratories, and Acoustica Associaies... The cause and effects of E
the explosion were determined, aud remedial action for subsequent missiles
was established. . =

-

At the time of issuance of the Missile IF\Igtggtigation Report (AC-62-0031) %
several investigative efforts initiated by Genéiaikyng-ics/Astroﬁagfics and 3
Rocketdyne were not compieted. It iz the purpose of this,supplement to present ;

. . H B 2 Y / B
the findings of thesc invesiigations.(\ ;

The areas under invesiigation by General Dynemics/Asironautics were as follows: ]

l. The effects of susiainzr engine gimbelling and inertial losding on
internal pump clearanzes with the GD/A lox pump inlet "Y* duct
attached to the pump houeing. Thie invesiigation was initiated by
the failure of Misgile IIF ai{ iaunch on 9 April 1962 and wis expanded
following the Missile 1IF explosion, The results of these investi-
gations are summarized in Attachment i. ’

2. The sustainer engine nead suppression valve opening delay variations
observed in daia recorded at the various 4est facilities and the
differences in the delay bstween Rocketdyre data and GD/A data. The
results of theee investigatiors are presented in Attachment 2.

3. Tests were initiated by GD/A to0 inveatigate the damage to the sus-
tainer engine Zox pump inlet Raco scal from Missile 11F. Missile 11F
was unauccessfully launched on 8 April 1962, The results of these
tests are presented in Attachment T aince the failures of Missiles
1F and 11F were simiiar in tHal a susltainer lox pump explosion
cccurred in each case,

Iuvestigations conducted by Rocketdyre covered many areas. The published

report of the results of their investigaiion is Invesitigation of Failure of
Atlas Missile 1F During Static Test (Rocketdyne Repert No. R-3705) dated 31
August 1962, i
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SEGTION 2

SUMMARY

Y - TN A .

The chronological crder of significani eventa follows uaing the booster engine
start signal as zero tims. Boosue g nitien atart was normal, The suatainer
ignition start signal was properly gensraied at 0,55 aeconds, igniting the
sustainer 8clid propellant charge and energizing a zolenoid valwe in the hy-
draulic manifold which applied opening prezsure i5 the asustainer lox head
suppression (HS) velvs. The HS valvwe position indicater showed first opening
movement at 0.67 seconds which was 120 miilizeconds (MS) delay from the sus-

. tainer ignition start signal. The HS valws spened tos an apparent 8 degree
position by 0.70 seconda. Prokably the valwes didn't open at all - the 6 degrees
‘could result from shaft toraion end ziack in tke valve linkage. The HS valve
remained at the apparent 8 degrses posiiion uniil 1.02 smseconds (470 MS delay)
when it started %o move towerds the open posiiion, Rogcketdyne found that delays
over 430 MS will! alwaye ceuae the isx pump Impeller 1o rub on the pump case
wear ring or diverter lip, The zusiainer ioxz pump had acceierated to its
maximum spin charge speed by the time the HS valvé siaried to open (after the
470 MS deiay). The spenicg of the HS velvs allowed lox to start flowing, and
with the pump at this high epezd; ar Sxcessive preasure inbalance in the lox
pump volute resulied. The prcsaL*e imbalanse on the lox impeller caused rubbing
‘between the leading edge of %he ixmpeller and the diverier lip, at a point. just
upstream radially from the dizcharge l=g (when viewed from the inlet duct of

the lox pump). During ithis period the sustainer thrust chamber ignition
sequence was cortinuing wiih hypergol ignition and propsllant utilization (PU) : j
valve movement,
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The rubbing of the aluminum impeller and cadmium platsd steel diverter lip |
caused self ignitioh 6f sne or both of theze pump paris (boith were found !
burned). Initial indisation of $thiz burcing was probably a surge in the i
sustainer lox pump inle! pressurs atariing ei 1,28 zeconds. The surge peaked
at about 80 psig, drepped to 60 psig, then weni off scale high (over 200 psig) !
: _at about 1.34 seconds when the susiainzr lox pump was blown apart. The HS i
valve ‘had opened to 45° by the iime of the sxplozicn (determined by examination
of valve). Lox pump apsed was 8,200 RPM.

-t Era = (PPN Pt
#
(SR T SOOI . . .

[

]

| The explosien and fire caused cnginw compawtmeab tempzratures to rise. By

i 1.75 seconds the engine zompeartment ambient 4’mp@raon*e kad inereased to the

l redline value of 250°F., Thz high temperature auiomatically initiated engine
cuteff at i.77 secouds, sghuttizg down the suztainer and boossier No. 1 engines.

| The electrical contrsl wires io the boozier No. 2 engins were severed, and it
continued to run uniil the first large thruei secciion explosion at 5.4 seconds.
The fuel tank waes apparesnily ruptured; sod inisrmediats Dulkhead failure
probably occuzrred during this period. At 6.3 zeconds the final large explosion :
completed the destruction of the miasilz, service tower, and considerable -
ground equipment., No personnsl were injured, ’

Most of the missile hardware was retovered and examined. Investigations were i
subsequently conducted at Rocketdyne and General Dynamics/Asironautics (GD/A)
,@ and are reported in the attachments, GD/A ound that even extreme iuterface
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loada at the susiainer lox puap irlel flange zounld not deflect the pump housing
enough to cauze impeller rubbircg (0,003! 3nch irnducer inlei housing deflection
where ths smalilzst impeller clearance on ihe 1F lox pump impeller was approxi- -
mately 0,018 insk). (Sez Aitachmen: 1 '

GD/A tested the HS 7alves of several misailes to dsiermine representative delay
timea from the sustainer znginz igniiion start signal %o the firsi indicated
movement of the HS waiwvz, The HS valve on Missgile 75F was teated first. The .
valve delay Zime was abou? 76 MS. Addiiional valv: deiay testing appeared .
desirablz, and 2 weeks later an HS vaive waz agairn tested on Missile 75F, this
time with more emphazis or obiainizng accurat:s dsfa. Alas, the HS valve had
been replasczd by a waive with a desicant sap and improved 2eaiing cn the HS
valve idler bzaripg ecssembly. Valve delay timee averaged 51 MS, which was -
cioas to the 42-47 M5 aczeplanse test timezs osbiained 2t Kockeidyne (gée
Attachment 2). HS walve dslay timez were checked sn Missiles 86F and 88F in » :
the fgoitory with reauiisz averaging 46 MS, HS valves on Missiles 67E and 57F,
at OSTF-! and OSTF=2, respzciivziy, had gverage timee of 43 NS. Data was
collected from past firingz at Sysamore Stand S1 {330-150 MS), Edwards Rocket !
Base Stand *-4 {50-120 MS), -and A%lantizs Misaiie Range (AMR) (30-120 MS). The ’
- AMR data was résorded from commuiaied telemeiry channelso

Rockeidyne comndusted sngise Seaiz to delzrminz the effect of various HS valve
delaye on Ibx pump sha?i deflsciion (gee Investigation of Failure of Atlas
Missile 1F During Staii: Tesi- Rockeidyne Rzpor:i R-2705). A lox pump was +
modified so mipimum Impelier clezarance “that ocsurred on each test could be
measured, Liquid niiroger wes uzed iz the rox pump and RP-~1 in the fuel pump.
The pumps wesre =sieied by igni%ing the spin charge as in a normal engine start.,
Test results (correcied is iex temperaiurez) indicated no impellier rubbing up

to 150 MS HS valve delay. D=zlays of 150 %o 430 MS could cause rubbing depending
on the amount o tolerance buildup during pump assembly. HS valve delays

s Saad DAL A6

greatzr than 430 MS would alwayz sausz soms jox impellsr rubbing on the wear 3
ring or diverier lip where winimum clearances occur (approx. 0,017 inch). ]
The HS valve on the last tes% of Miseile 1F was found is have water and scaly

rust deposits in the idler shaf? ncedle bearing assembly. Rocketdyne conducted:

HS valwe testz to detsrmineg i wafer and grié in an HS valve idler bearing : f
cavity could sffec?t HS vaive opening. Liquid nitrogen was used to freeze the ;
water, Teegt results indi:atzd the opening »f the HS valve would be delayed. ]
On one test the HS velve did not open ai all, R
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SECTIZN 3

~

~ CONCLGwnI s

Rocketdyne tests showed the delay irn oaprusng of the zuatainer lox HS valve that
ocsurred on the final teat of Migsiiz . could be simulated by contaminating
the idler shaft bearing assembly %wiib seter and gzii aimilar to that found in
the Missile 1F HS valve idlzsr beari.y savidy. Also, fests verified that the
HS wvalve delay time experiensed ~_ the last Mizsile IF teai would always cause
rubbing of the lox impelier and wegax ring or diverier lip., It was concluded
that the impeller rubbing on Missiie IF starizd the f{ire and led to the
explosion whichk destroysd the miassile,

HS valves are being mcdifizd by Rockeidyne ECP MA3-316 which adds a desicant
plug to the HS valve idizr shai$ bearing saviiy. Also, ECP MA3-330 installs
& von-combustible KEL-F liner iz fhe lox pump inlet adapier and wear ring area
to reduce the possibiiity of burning zhould rubdbing oscur. )

To insure aafe lox pump speration, Rsockeidyne has recommended 75 MS as the
maximum allowabie suziainer lox HS vaive delay time (%Zime between ignition
start signal and fired valve movement)., I7 a longer delay is observed, the
valve operaticn shouid be inveaiigated to delermine thz cause, poasibiy
necessitating walve replacemznt,
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ATTACHMENT 1) p

SUSTAINER LOX PUMP/INLET DUCTING INTERFACE ;

GENERAL DYNAMICS/ASTRONAUTIGS A
376-4-022 ¢
27 November 1982 o3
TO: Ao Bo C'oig D.—‘:p‘-‘}o 360‘2 :
FROM: Ho A. Hunter. Dzpic 378-4 3
SUBJECT: Suvetainer L02 Pumg/lnlet Duciing Icterfacs, 2
REFERENCE: GD/A Aciion I%em Nao. 5 - STL Memo 6101-7855-TC=006; dated ?
12 0‘37-10 :620 :

The purpose 9% thiz mems iz {0 repori the resultz of the two series of tests f
which were conduazited on the ail gectiorn %tegt stand concerned with interface A
loads and dsflsciionz at the azusiainer engizs furbo pump. :
E

Ths first series of tests were performed wiih ihe inient ¢f measuring the ﬂ
gb reiative deflsction bedwezen the Impsiiler shsit and the inducer inlet housing 4
aa a functien of verious applied ioad variahles, The applied ioad variables F
consisted cf Zine preesurez. imerizas, itempsrature; marufacturing tolerances E
and eungine gimbal angles. These gap changes were diiermined by means of a ) 1
Rocketdyne furnished "spider transducez” which was insertsd into the inducer 4

housing to measure the relaiive movzueni at Three points around the circum-
ference of the housing. Ths attathed L0, susiainer line was asubjected to
extreme adverse pozitionc along wivth mexXmum external applied load in order

to obtain an ultimate gap change in the area 5f investigation (Ref.Fig. 1).
The detailed tent prscedure iz prezented iz Memo ASA-62-052, while the results
are shoewn in Report 27B-159¢-31. The test resulis indigate a maximum change in
reiative deflection 9of .,0031 inchea. This deflection had been recorded while
the following appl.ed :oad sources and sustainer linz conditiouna were present.

I, Fuel Duct pressurzzed %o 60 paig.

2, L0, Duct pressurized %o 62 ps=ig.

3. MiSalignmeni of 50" in the +"x"; +"y" and +"z" directions. (Max.).

4, 3 G inertia 3cad in ths +"x" direeciien. éMaxo;

5. 8 G inertia zrzad in fths +%¥z* direedion. (Max,,

6s The gimbal bictk was adjusted ,415" in Tthe ~"x" direction and .27"
in the -"y" directisn. (Maz.)

7o 3° gimbal zugle ir bothk pitck and yaw directiona, (Max,)

The resulting deflsetion ef the inducer iniet housing (.0031") is considered

very small without considexing thai the appliezd simultaneouas loadings impose
{} an extreme loading coundition which is hazrdly reelistic,
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R

It was further anticipaied that thz aciual inierface loads could be measured ;
in this area by meane of an instrumeniscd inducer inle adapior, therefore; a :
second series of teats was Znitiated %o accomplish this task. Strain gages B

were fitted to the adaplox iz oxder %o develop a load cell transducer that B
would measure (6) interfacsz lecads io the szusiainasr engine %urbo pump. The 1
test procedure foxr this phass of testing is presented in Meme ASA-60-056. b

As in the firzl géries of testa; the L0, sustainer line was subjected to all ,
possible adverase posiiionz nlong with simultaneous maximum external loading. -
The loading -variables were applizd eeparately and in increments with an attempt 5%
to measure input Irom each erxternal lsad coniribution. This proved very un- .
successful, ainse ithe system displaysd non-repeatability, and non-linearity. 4
Hysteresis whicsh was present in the mechanical system or sensitivity in the
transducer circuits wexrz auczh that i resulied in noum-~interpolative data.

For this reason i is imposaible to arrzve at a specific set of compatible .
interface loads which would represent a particular misaile flighi condition >
as is presented in Repori AE60-081% (Boostsr and Sustainer Engine Interface

Data). :

R IPRRIR

RV SIS I S

Below is a 1igt of the maximum interface loads recorded during various phases ]
of the testirng. Thes:t ioada include the combined effests sf the wariable "
external inpute, auczh as manufacturing tsierancea, inertia effects, engine :
gimbal, température, pressure aad maximum adjustmenis in the gimbal block,

which constitute the sams criteria as when the deflection of 0031 inches i
was recorded. The NAA (Rockstdyne) furnizhad aillowabie interface loads are j
@ also shown for refzrencse. .-
(NAA)
Maximum Loadsz Maximaom Loadsz ‘Rocketdyne Furnished K

Rucoxded During Tesd From Rzpori AES0-0811 Allowable Loads

o
-l
s f
._‘ F, 1173 ibs 1168 iba 200 1bs
5% P, £32 1bs 563 ibs 200 1ba \
| F, 702 1ibe 1017 1bs 1000 ibs $
Mx 2607 ian. 2ba £798 izm. 1ibs 3000 in, 1bs
' My 51E5 iz, ibz 4857 in. lba 3000 in. 1bs ;
= ' K, 4056 in. 1bs 5086 in. 1bs 3000 in. 1bs
5
The NAA 2lidwable interface loads az¢ indicative of a simulianeous condition
- - whereas the recorded interfacte ioadz are maximuwm values which occurred during
F* different phases of the %eat. A somplete regord of the test results are shown :
SR in Reports 27E-1605-1 and 27B-1623-i. The table above also presents the [ i
2N maximum interface Roadz as given 2a Repert AE60-081% ac that a comparison ‘
X analysis can be made betwezn the two 8s%s o0f loads data. May it be pointed out

that the test resultis indisaie veiues sf approximately the same magnitude as

. R
N
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presented in Report AE80-0811, therefore;, the loads shown in the previously
released report will be used for specific flight conditions. It is impcasible
to refine these values any Further than already has been accomplished in

Report AE60-0811, using the data obtainred with the instrumented inducer irlet
adaptor.

Recommendations: Further inveziigaticn of subject area (Ref. Pig. 1) be
dropped since we are of the opinion that the system
accomplishes iig intended task satisfactorily without

»jeopardizing NAA hardware.

/3/ M. Ao Hunter
Stress Group Eng. (AWS)

/a/ C. 0, Ekrzm
Chisf of Stress (AWS)
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ATTACHMENYT 2

STMMARY OF HEAD STUPPRESSION VILVE OPENING TESIS

D-2:65

24 Jxiy 1982

Yoz Disiribatiex
¥rom: Yeat Evaiuaiior

Sakiezi: Susmary 3f Special Headé Stpprcraisz Vaive Teais -
Missiles 75F, 883F,; 88F. 57E. x=d 577,

Jxvesiigatiezs imitialed feliewicg ike drzizuciisn of Missile 1F during Test
S2-L13-24-03 ox I3 May 19352 zeveaied 2= amcmaly conceraiag opexing of ihe
susiaizer eagine head suppressiza (BS) vaive ax GD/A zezductied tests. The
anssaly imwvolved the Liwme Icterwval Beliwezen sugtad=er engine igeiilen signal
avd fi-gi Smdicaied mavemeatl of the BS vaize. Racketdyzs srgine accizptance
tes: data indicated 42 te 47 millisezazds {(MS) for ikis time Interval. MA-3
exgize fiviags candnzted by €B/% irdi-at:z2 ihrec gemezal groups of AT%a

as felipws:

AT
f2) Sy-wmsre Tes:i Siamd S: 120 - 350 NS
(&) Sv-cacre Teal Siavd 32 axé 59 - 85 NS
RS Tes!i Siaxd 21— {*F* E=gize)
{=) ae yiigiis 30 ~ 130 M5

Tor MR f23ght dats iz believed 2o Bz i+ 22237 —€lZable dae <o Zhe fact thai

B3 valwe positisz daia Is recazded sn czaxutated izlemeiry channeis,
Bxpioraiesy testizg was imitisied om IS¥ £ Sycamcse coxiizzed o= 86F and S8F
3w 2he fazts=y axd s 67T al OSIF 1 axd S7F 2% OSIF 2 i as ailempl to delfing
BEffe—sm-px Telweer Reckeldyne azd &D].i cata a=3 i Lelermizme (ke reasons for
axy @Zffsrexrce.

-
Cansinaiens
i -ra-008

3. ES walve Tirgx myvem:mi delzy iy corpara®le o sl or Rockaldyre accrpiance

—ore == @ ,95!': m’ &TE so8 STF.

2., Thr secovd ses of BS wzive Sesis zozéa-Zzd o ISF havs esiablizhed Zhat
the M xesexdiry aveizw dses ol Imirodzes 2 Liwe 2ap In Falv2 zesponse
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3. The reason for the previous S-2 and orxiginmat 75F AT ansmalies has not
been determined.

Test S2-6BP-01-75 (1 June)

Investigatioens were begun utilizing Missile 75PF al Sycamore Test Stand S-2.
Pour tests were conducted on this missile; iwo at 2,000 paig ground hydraulic
pressure and two at 3,000 psig ground hydraulic pressure (the pressu-z level |
used in Rscketdyne to-t1n¢). Instrumentation was providsd. {0 meazursz the
nermal sustainer ignitien start signal (P15451), voitage at the solensid in

the hydraulic manifeld (P1124V), SPGG igniiion signal (P10S2V), opening {H1408P)
and clesing (H1435P) hydranlic pressure to the HS vaive, and the HS valve
poesition (P1529D). Alsc measuared were various additional hyvdraulic systiem
pressures and prepellant utiliszation (PU) vaive parameiers. Each sf the four
tests consisted of the application 5f a astari aignal to lhe syztem; opening

of the HS and PU valves; opening of the gaz g:nerator blade valwe, placing of
the HS and PU valves on conirol; remasval of the start{ zignai and closing of

‘the valves.

[

Data frem these tesis (pr;sentgd in Tatle I) indicated that the AT frem

start signal te HS valve firsi movemen? wes 80 MS and 72 NS at 2,000 peig
hydraulics and 70 MS and 70 NS at 3,000 paig hydraulics. HS walvs spening and
-clesing pressure data indicated that the ES valwve should have bsgun moving
appreximately 32 MS prier te the first recorded movemeni. This waz estabiished
by comparing the recerded data with data provided by Rocketdyne. The Rockeldyne
data shewed that first mevement of the HS valve corresponded wiih the initial
peak in opening pressure applied to the valve and zimulisneoueiy with the low
peint in clesing pressure at the valve,

It sheuld be noted at this poini that the Missile 75F AT data was noi
incensistent with the previous test Stand S-2 data obtained during the feating
of Misgiles 2E, SE, S5E, 62E, 33F and 59P, at that faciliiy., llower=>; since
the HS valve opening and closing pressures (mtazured for the first time by
GQ/A at a captive site), when compared with the Rocketdyne furnished data,
iedicated a 32 NS delay in HS valve responssz, it wes guspec cied that the P
recording systex was responsible for the dzlay in scms unknown manner,

Te determine if this was the case the following check was made: A signal was
simultaneeusly inserted into two circuits in the S-Z2 iranzfer roox. One
circuit was fed directly to ar oszciliograph in ihke blcckhouszs and the other
circuit was routed threcgh the P{ system and recorded on the zexe oscillograph
as the first circuit. The difference in iine ol the reeeipl of the zignal by
way of the two circumits was less thar 3 MS.

An additienal anoxaly was observed iz ithe daix rezzorded during thess leatfs.
The FPM system recording of the start signal (P1545X) was obzerved to consisi-
ently lag the Easteriine Angus pern EA) reccrding of the agme signal, The
values were 9, 6, 12, arnd 10 MS for the four testa. The reasorn fer Ihis
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anoxaly has not been deiermined as yei; however, ever if thia lag were applied
to the HS valve firsi movement daia the data =%i1} doss ©®sl ecmpare with the
Rocketdyne reaulits. -

Fastory Tess (35 & i8 June)

Since the tesi acheduie of 75F 3Za supperst i "Opsrsiioz Sholgun® pzeciuded

the aveilabiliiy of the miszile for Zamedimitz eddiiiszal %esting and sinzce it

was considered deairable o sbtain data concerniag the AT frsm an edditicnal -
source, faciory tests were acheduled niilizing Miasilsz 86F and 88F on the line.
The testa consisted af the spplicaliion o s 28V DG ssurze i3 thes solensid in

the hydraulic manifold wiih 2,000 paig and 3,000 psig ground hydraulic pres-

sure in the system; as indicated in TaSle II. Insiruweniaiion was provided io
record the 28V sigza! (P1124V) applicatisn and the HS valve position (Pi529D)

only. The data were recorded o2 ar sezillographi: recorder {CEC). D=3a fzom
these itesis compared closely with <he Rocketdyne accepiance test figures.

Additional 75F Tests (21 Jrne)

Since schedule glippage provided the epporiuniiy for additional Lesie osm 75F
and sirce the resuliz of the factory ieziz indicated the desirability of .
additionai tests on this missile;, a Jezi formai asimilar to that 02 1 June was .
establiahed. Ir the {ime interval beiwzen I and 2 June the HS 7alve on this
migsile had besn replaced by one Zncorporatiang ihe dezicanit zap on The idler
shaft and double shaft seals.

P

Instrumenialiion was provided al Stard S-2 i5 rezord the rormal igniiisn atart
signal! {P1545X), voltage ai the solencid ia th: hydrewiic wanifeld (P1124V),
closing pressure to the HS valve {Hi435P); and the HS walws poaitien {ris29D).

Since the FM recording eystem was s3till suapzci &3 a coniribuiing factor to
the anomalsus AT, provision was made to recerd thz desia on a CEC recorder
located at the test sitand for the first seriea of testa, Por the next series b
of tests the CEC recorder was located in the blockhouez, and on the last series :
. of teste data was recorded by way of the FM aystam. Each szries of dests
consisted of several valve actuationz aZ bosth 2,000 psig and 3;006 psig grounéd 3
hydraulic syaiem pressure, .

The resulie of these tesata indicated thai the FM syaztem did noi contribute a g
time lag ts the recorded data. Al! AT'e sgrezd closziy with the Rockesdyne :
acceptance t=st daia and the 86F and 83F data.

The veniing of HS valve closing presaure io re2iuzr wes foliowed within 1 %o 2 :
MS by firsi valve movement on ths CEC =scords amd within €& fo 13 MS or the FM E
recorded data. Table III presents the reaniiz of cach sériez of tezia,

Since the HS valve had bsen replaced bsiwezan the seriesg of tests on thig
missile, a check was made to detarmins if tne AT date differences were due
to an HS valve pozition polentiomeer anomaly. The resiztavncs ¢f the potentia
omeier on the original HS 7valve wae meezured and wes Isund to be within

TEIS MATERIAL CONTAINS INFORMATION A}'}'Eﬁu MSJLEE! EDITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE
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specifications.

Data accumulated on this second aet of SP béSu& agein indisatéd ithai ¢
recording o the ignition signal 2sd the FM regdrding of it by from 1 e 23
In additicn, it was observed thai ihs EA recording of ths signal ziac Xzd the
CEC recording except for twe iustancea. In cre of the I9 walve acinmaiions
recorded by CEC the BA recording oI the ataril signal -agged the CEC recording
by 1 MS and in one instance occurred simuiteneounaiy wiih it. In the remaining
17 tests the EA recording led the CEC rzacrding by from § is i4 XS,

Additional Data

Rocketdyne investigationa since the deatruction ot Missile 1P on Tesl S!1-613-14-01
have established that an HS wvalve opening delay ip excess cf 78 MS cculd lead

to rubbing of ithe stetionary and rotatxng internal perie of the lox pump. To
insure that the AT between firing signel and first HS valve movemeni was lessz
than this value, tests were sondasied on Missziisa 67E {on .28 june) srd 57F (on

28 June), the next missiles scheduled for launch at OSTF I and 2, respectively.

The tesis were conducted using 2,000 psig hydraulic pressure and proviziox vaz
made to record the HS valve posiiion and firing zignal orniy. The daia were
recorded simultaneously or a CEC reccrzds= and the FM ayaiem. The reszuits of
these tests compared very well with the Rsocketdyne accepiance test data. There
were no significant differences rotzd beiwzen the AT®> as indicaied by eack
recording system. The E7E and S5TF teal resuliz are taburisted in Tablz IV,
Checks of this nature are alsc pianned ox ‘the following missiies prior te their
reaspective launch: 64B, 7TF, 8F, :0F, 13F, 14F, 26FP, 21F and 87F. In the eveni
that any of these tests indicate a AT in exceas of 75 MS, provision has been
made to conduct tests to determine the cauze,

A hot firing tesi of Missile 75F was conducisd on 3 Juiy, Test S2-60i.A2-75,
The scheduled firing duratiozs were not achievsd; bovewser; approximziely 35
seconds of mainstage engine operatiosn was obtained, HS valve daia recorded on
this firing test indicated a AT between atazt signai and firat valve motion
‘5f 54 MS via CEC recording and 60 MS wia FM rzccrding. Thsese times compare
favorably with the 21 June test resulis sn 75F {no lox aboard missile) iz
whizh HS valve first movement average times oi 49 MS and 52 MS were recorded
on the blockhouse CEC and FM system respectiiwvely.

Voltage at the control solenoid (P1126Y) during this tesi was ma2asvred at
29.2 YV DC and on the ignition start signal measurement (P109°V) as 29.6 VDG,

There were no voltage oscillations or drapoutz indicated by theze measurexents
during the firing.

Prepared by  /s/ D. W. Healy

Approye«d by /s/ H. P. Eldridge
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v  BN~2165 MISSILE 75F _TESTS CONDUCTED 8/1/62
p EE -
N . m AT o mm : .
w, P1645X HS Vi, HS V1w, AT HSV Closed HS V1w, HS Vlw. - i _
< Suvat. St. Sig. First Full P15456X EA To To Open Press. Clos. Press. 23 |
Ry Tewt Nz, EA . FM Movement Open HSV. 1st¥ Move, Full Open St. Riase St. Drop mm |
. 1 i 009 080 885 »080 .605 . 045 048 =2
2 0 .0086 .072 o877 0072 2605 . 040 .044 ea “
’ o 3 0 012 +070 -665 .070 0495 - 040 .044 =8 : ”
b 4 0 .010 070 .5686 2070 -498 +040 0043 =2 C
w £3 _
] Wm .-
I T O grme———
O, A Sy
: . A = walE S
' —— = AT — ) = .
i F = PU Viv. DPU V19.,PU Clossd PU Open P1i24V Voldt. @ un, Sol. P1099YV SPGG m.:,&_.ulmm .
o — 7 First Full To Press, Starts Reazhee Startn Reaches e >z :
@P) —-Test No,  Mwmi, 0pen  Open Sto Rise Rige . 28 Velis Rise 28 Voite (J3E3 by >
o ] . I
“ = X 03390 +930 «600 0307 o0k} 0016 .015 0040 FES LN
u = 2 - 330 o917 0587 »297 .008 2011 2010 . 035 <l 52 e
, e 3 «321 .820 °499 . 298 012 .0186 .016 . 040 me |
O = ¢ 2330 -813 2483 ' 2205 -010 014 014 .059 hee
| o z3 :
U “Note: Tests ! and 2 were conducted with 2,000 pesig ground hydraulics, Tesis 3 and 4 with Umm !
3,000 paig, All times are referenced to the EA occurrence of P1545X the suatainer mm..l...lJ
N engine ignition stage control signal, Mm
! x
,v Voltage measured by P1124V was 28.7 VDC average for the four tests, mm
i * The recorded time lag between P1124V and Pl099V is accounted for by the difference mm ’
” in freguency response between FM Channels 5 and 12. mm
z
2
w =
Es \

-
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! o EM--2185 ‘ . .
M =] FACTORY ‘HEAD SUPPRESSION VALVE TEST RESULTS 2%
a3 o &
T < 5g
‘ A Msl, No. 86F Test Date 6/15/62 Msl. No. 86F Test Dats 6/18/62 Msi. No. 88F Teat Date 6/18/62 g2 ‘
_ og
w , Ea.. Hydo Hyd. Zo
_ Test AT TesH, Test AT Press. Test AT Preas., £8
| No . (MS) ng-unw No . (MS) Ansig) No. (MS) (peig) 55
i Mm
| it 47 2000 B 46 2000 2 44 2000 zE
2 54 2000 10 Data lost 2000 2 42 2000 25,
3 50 2000 11 54 2000 3 44 2000 o |
a) v 4 43 2000 12 51 2000 4 46 2000 0):: ; .
: S s 46 3000 13 42 3000 5 36 3000 =g " M
L 5 6 45 3000 14 50 3000 8 37 3000 Ludgs WIS
— = 1 45 3000 15 53 3000 7 37 3000 st
F e 8 40 3000 16 48 3000 8 37 3000 —=t: :
S P 17 44 2000 9 33 3000 Swm 5
= 18 43 2000 10 39 3000 25 1SS
), Q 19 43 2000 . U)s5 b
, = 20 42 2000 25 =
M = 21 40 3000 £
= 22 39 3000 Cmm =as
! C = 23 40 3000 gL
- Z = 24 44 3000 : Zis
) - £3
D ] | %3
{ T ~ time from voltage at hydraulic Wanifold solenoid to first movement 52
i of IS valve position trace. wm
# Average AT at 2000 psig Missile 86F-47 MS M: tests) # wu..
, Average AT at 2000 psig Missile 88FP-44 MS (4 tests) 2o .
‘ ) Average AT at 2000 psig Missiles 86F and 88F—46.2 MS (15 tests) 20
m Average AT at 3000 paig Missile 86F-44.3 MS Mwm tests) g2
_ Average AT at 3000 peig Missile 88F-38.5.MS (6 tests) 25
N Average AT at 3000 psig Missiles 86F and 88F-41.7 MS (18 tests) g%
] e
‘ Note: Voltage at the hydraulic manifold solenoid was not .quantitatively WM
A , measured for these factory tests,
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Z : TABLE 1XI w ,
% e =S
v < MISSILE 75F TESTS CONDUCTED 8/21/62 £o .
. R4 W.W :
Z o .
CEC Kesorder &t Test Stand CEC Recorder at Bloskhouns FM System Datsa mm _ w
. Test Hyd: Press. AT(MS) Testr Hyd.Press. ATMS) Teat Hyd Press. AT(MS) s &
. 1 2000 psig 62 1 2000 psig 52 1 2000 psig 56 3z :
| 2. 2000 psig 48 2 2000 psig 48 2 2000 psig 51 w5
) 3 2000 pasig s§2 3 2000 pasig 51 3 2000 pzig 49 z35 X
(A v, 4 2000 psig 48 4 2000 psig 49 4 2000 psig 53 Zz >
u __ | © 5 3000 peig 48 6 2000 pxig 47 5 3000 psig 45 Dmm )
| — 5 6 3000 peig i8 8 2000 paig 48 8 3000 paig 48 E..—mm |
. L = 7 3000 poig 48 7 2000 psig 59 7 3000 psig 48 el [ d
| S 8 3000 paig 4o 8 2000 psig 48 8 3000 psig 48 me , ‘
)] 8 9 3000 poig Data Leoat 9 3000 psig 48 -3z :
w ¢) = 10 3000 psig 46 : A !
| 8 11 3000 paig 48 Dss {
M = 12 3000 psig 49 £S | .*
= _ 59 !
OF = | Mmm i
N = Note: Voltage at the hydraulic manifold solenoid averaged 26.% volta Cmm 4
™ for these tests. Nnm i
! = T .
| - w =2 H
A, v.nlm.vw.llw
‘ £z "
< - i
x w 1
, wm .
) 2o
=z
i M% .
_, Ze
; g8
| .
} 0> _
w = ,&
a~
> v vy
bt st by -yt hl e o g ey gt e A AN R T T T ,.,\awlw.w.w: = ,L»H:J . o
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| W 2z “
g3 _
| [ . s &
| 3 IABLE 1V Zg ,
' -9 ya '
M o
M Missilé 6TE at OSTF 1 on 6/28/62 Missila 57F at OSTF 2 on 8/28/62 wm
CEC_Data FM_Data CEC Data FM_Data E
- D Mm {
Tent AT MS Test AT MS . Teat AT MS Test AT MS 23 !
er s T A A es {S mw‘ ,
i Not recoxdad 1 50 1 . 42 1 No: Recorded ] :
2 48 2 | 45 2 40 2 45 g
3 44 3 49 3 41 3 41 5
4 39 4 49 4 40 4 42 e :
5 48 5 43 5 43 5 43 z b
“ 8 42 8 41 !

Note: . On %hese OSTF tests the data was. recorded: simultaneously
on each of the recording systems.
2., Voltage at the hydraulic manifold solenoid on 67E averaged
28.2 VDC and on 57F averaged 29.2 VDC during the tests.
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SUSTAINER LOX PUMP INLET RACO SEAL EXPLOSION TESTS - .POINT LOMA

Distribution

FROM: Propulsicn Deaign

1.

2.

Project Office request dated 23 April 1962 requested a program to investi-
gate the cause of the RACO seal failure in Missile 11F,

Test Lab request dated 8 May 1962 $o perform seal explosisn test on
simulated duct filled with lox.

Three tests were performed at GD/A Poin® Loma on § June, 20 June and
26 June 1962. Results are summarized in Test Lak Report 27B 1584-1
dated 16 October 1962, Data is iabulated in Tez% Lab Report 27-1601-1.

A, Test Conditions

Simulated sustainer low pressure iox duct approximately 5 £t long
with one bellows section and a sustainer lox pump inlet Raco real

at the explosive end., Varying amounts of Psntaerythritecl Tetranitrats
(PETN) sheet explosive were placzed in the Raco seal end of the duct
which was closed. The duct assembly was fillea with lox., These
conditions simulat'ed the 1iF sustainer lox ayetem with the lox pump
originating the exploaion. The %top of the duct was open and uased

for observation to assure being full of lox.

B. Hardware Test Resulta

0f three explosions detonated %he on® with 8 square inchez x %"

thick of PETN most nearly simula%tsd the 1lF hardware damage and data
traces. The duct bellows seciion was destroyed and the Raco seal wasa
blown out of the seal groove, The 4{eflon part of the seal was torn
into many pieces. The steel backup ring had an approximate 1 inch
piece missing. '

Co Test Data Analysis

Four pressure transducers were ingtalled for the test, Gne was a
direct mounted Statham 0-2000 psig with & .05 inch orifice. This
orifice was installed affer the transduzer was ruined on the first
test when the pressure rose past 2000 pegig in one millisecond. The
other three transducers were Bourns flight type 0-1000 psia with
tubes and checkout shuttle valves simunlating flight coufiguration
for measurements P337P, P351P and PY87P,

The direct mounted transducer peaked 1070 psig at 3 milliseconds after
explosion start and to a maximum peak of 1165 paig at 8 miiliseconds,
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The P351P transducer peaked ts 370 psig at & niliiseconds affer
explosion start. and the P967F ireansducer peaked o 545 psig at 8
milliseconds. The P337P iranaducer failzd. The pressure decays te
20% of their peak value occurred by an average 18 milliszconds
after explosion zero,

This data is not comparable with 11F #iight data aa the time beiween
commutated data segmenis is 15-20 milliszconds. Typical I1F rise
time: between explosion zero and peak pressure is 18 millisezonds and
decay time between peak pressure and 204 sf peak pressure is 28
milliseconds.

4. Conclusion

This test showed that with a simulated susitsiner lox pump explosion, ths
pump inlet Raco seal and duc? bellows would fail in a manner similar io
11F. The test data :is similar in appearance to 11F data with approximately
twice as fast response. The damage to the duct bellows and Razo seal back-
up ring were very similar to 1lF. The Baco seal tefion insert incurred
only slight damage or 11F, while in this tes® it was blown out of the duct.

Prepared by: J. Prescott
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